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nils  report  contains  radar  cross-section  Masurements  conducted  on  Echo  I 
(60  Iota  l),  a  passive  coanunlcatlons  satellite,  fTon  the  first  revolution  on 
12  August  i960  to  revolution  ^1^9  ou  6  October  196I.  lOracks  on  the  early  re¬ 
volutions,  up  to  about  92,  generally  displayed  a  fairly  constant  sopUtude,  In¬ 
dicating  little  deformation  of  the  spherical  shape  of  the  balloon.  The  smoothest 
observations  noted  had  approximately  +0.5  db  (peak-to-peak)  fading  variations 
over  the  duration  of  track.  Later  recordings  show  amplitude  patterns  with  vari¬ 
ous  SBonnts  and  rates  of  fedlng.  Fast  scintillations,  with  a  period  of  the  order 
of  0.5  -  1  second,  can  be  seen  during  certain  runs  as  well  as  slow  long-term 
fading  during  others. 

Beginning  with  about  revolution  1944  (18  January  1961),  a  gradual  deterio¬ 
ration  in  the  shape  of  the  balloon  was  Indicated  by  fTeqiuent  deep  fades  and  a 
generally  rough  amplitude  pattern.  Fades  of  +  4  db  can  ts  seen  throu^iout  most 
of  these  runs,  with  the  most  severe  fades  (>20  db  In  depth)  occurring  during  re¬ 
volution  51?9»  the  last  covered  in  this  report. 

The  average  cross  sections  measured  were  coaparable  to  the  theoretical  value 
of  about  750  sqpare  meters,  with  the  average  becoming  somewhat  less  during  the 
later  revolutions  when  fluctuations  were  more  pronounced. 

Ai^lltttde  records  for  fourteen  of  the  observed  passes  are  included.  A  sum¬ 
mary  Is  also  Included  for  a  voice  coanunlcatlons  e^^riment  conducted  between 
NlUstooe  and  the  Prince  Albert  Radar  Laboratory  during  revolution  12. 
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Radar  Croas-Seetion  Obaarratlona 
Of  Tha  Echo  I  Coawnicatloaa  SatalUte 
at  UiO  Me/s 
D.  P.  Eynek 

Lincola  Laboratory  >  Masaaetausetts  Inatituta  of  Tachnology 

HBOPOCnOH 

Since  tha  launch  of  the  Echo  I  coamnlcatlons  satalllte  such  Interest  has 
haen  expressed  in  the  degree  to  ehleh  the  lOO-foot  dlaaeter  halloon  nalntained 
Its  spherical  shape.  Sereral  qaestlcns  hacve  been  raiaed  as  to  the  possible 
distortion  of  Its  Shape  In  a  space  enylronaent.  Of  chief  eoneera  Is  the  punc¬ 
turing  of  the  thin  skin  by  nlcroBWteorltes  and  the  effect  of  thewal  shock 
upon  entering  the  earth's  shadow.  Soae  insist  into  the  aaount  of  distortion 
can  be  obtained  by  obserrlng  the  fading  characteristics  of  reflected  radar  sig¬ 
nals.  This  report  presents  aeplltude  data  recorded  on  a  nuaiber  of  raeolutlons 
daring  its  first  fourteen  aonths  in  orbit. 

BMMR  EMMOanRS 

Fertinent  parnaeters  of  the  Millstone  Hill  Radar  daring  these  obserratlans 
ware  as  shown  la  Table  I. 

TtBM  I 

Freqjueney:  MtO  Ncs 

Antenna:  84-ft  paraboloid,  3$-db  tracking  gala 
Peak  transaitted  power:  1.2$  to  2.3  neganatts 
Pulse  repetition  fireqpency:  28  or  30  pps 
Pulse  length:  2  ailUsecands 
Transaitted  polarlaatlon:  right  circular 
Reeelwad  polarisation:  left  circular 
Ooaical  scan  rate:  7*5  rer/sec  (apporaa. ) 

RocelTer  noise  figure:  2  db  (approx. ) 

Rystea  losses:  2  db  (approx.) 


misk  laooBpnp 


For  rocoordlng  purposes  ttas  IF  si^iul  vas  raafs-iBtod  saA  passed  tliroaih 
a  loporltlale  sapUfler.  Is  the  Bajerltgr  of  eases,  s^putads  Asete  ears  re- 
eordsA  oa  3$hbi  strip  fUa  tgr  photofraphlag  the  ''x''-ails  of  aa  osellloseepe  te 
i*leh  the  AsteeteA  sl^al  baA  heea  applied,  tts  flla  trsaal  speed  vas  Xji^.8 
laehse  per  alaute.  This  speed  allovs  saffleleat  space  oa  the  flla  for  sefasa- 
tlal  pulses  to  be  dlstlagulshsd.  &b  harlsoatal  liaes  ajpearlai  oa  the  flla 
are  raafs  asrks  bat  eaa  also  be  assA  as  plA  Hass  la  estlaatlag  ralatlaa  sl«- 
aal  straagths  trm  the  eallbractloa. 

Ssfwal  raas  also  aipaar  oa  a  psa-raeerAsA  strip  ehsrt.  Ih  these  eases 
the  AIgttaT  oa^pat  of  sa  sapUtaAs  ssaplsr  aas  xaeeastltatoA  as  aa  Msini  slg- 

aal  far  reoerdlag. 

AvarapsA  tarpst  pesltloa  sad  doiplar  data  prlat-oats  aare  shtaiasd  Ikaa 
a  raal-tlBi  Upltol  eeaprtsr  ahlA  Is  part  of  the  wmetsas  ladar  spstea* 


Ih  all,  asarlj  IM  rerolatloas  of  Beho  I  aare  trachsA  tp  the  wmstoae 
ladar  tgm  revolatlsa  01  (12  Aapat  19&>)  throatfi  ravolatiaa  919f  (6  Oetohar 
1861).  Is  aaspr  ~ifif  the  satiHIta  res  trasbsfl  frna  hnriiaa  la  hTliw  A»> 
plltads  data  aare  racordad  oa  sbsat  35  of  these. 

fhs  passes  far  ahleh  ■plltadsa  are  acfalUhls  are  Hated  la  Shbls  n, 
alsag  nth  the  sfarafs  orass  seetloaa  and  fadlag  Aaraeterlstles.  tte  star  age 
erase  asetlaas  glaaa  aare  ealsalstsd  bgr  aranplBi  aevaral  rapraaaatattTa  re- 
gleas  throa^mat  the  raa.  tts  aalass  UstsA  la  TaUs  n  shaald  bs  aeearats  te 
nthla  +  2  db.  d^lltata  raeerdlags  of  a  aalaetsd  ahiMr  sf  raas  agpaar  la 
Figs.  1  throBi^  lb.  Gross-seetloa  aiLilsa  at  aarloos  polats  darlag  sash  raa 
are  aheaa  dlreetlj  oa  the  reeordlags. 
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TABU  II 


Average 

Cross* 

Fading 

Rer. 

Bo. 

Date 

Mlnutea 
of  Data 

Section 

(s^.Batera) 

(pk-pk) 

01 

12  Aug  60 

15 

850 

+  1 

09 

12  '* 

19 

1050 

+ 1.5 

irregular  short  and 
long  term 

11 

13  " 

19 

845 

+  0.5 

alight 

45 

15  " 

19 

1080 

+  0.5 

slight 

81 

18  ” 

16 

895 

+  1 

longer  term 

92 

19  " 

16 

890 

+  1.0 

alow  long  term 

140 

23  " 

11 

- 

+  2 

irregular  l<»ger  tern 

156 

24  " 

20 

- 

+ 1.5 

short  term,  approx, 
one  second 

166 

25  " 

19 

- 

1  1*5 

short  term,  0.5-2  sec. 

167 

25  ” 

19 

- 

1  3 

0.5-1  sec.  lohing 

179 

26  " 

6 

- 

1  3 

Irregular  long  term 

213 

29  " 

19 

- 

+  1.5 

slow  long  term 

226 

30  " 

17 

- 

+  1.5 

slow  long  term 

237 

31  ’’ 

l4 

- 

1  3 

slow  long  term 

249 

1  Sept  6o 

20 

- 

+  2 

slow  long  term 

431 

16  " 

19 

s^lOOO 

+  2.5 

slow  long  term 

495 

21  " 

16 

945 

+  2 

short  and  long  term 

636 

3  Oct  60 

19 

725 

*  3 

slow  long  term 

941 

28  " 

19 

890 

+  2 

short  term  1-2  sec. 
and  long  term 

942 

28  " 

16 

950 

+  2 

fast  Irregular  and 
slow  long  term 

1448 

8  Dec  6o 

19 

- 

1  1-5 

slow 

1788 

5  Jan  6l 

8 

910 

1 1-5 

slow 

1861 

11  " 

9 

- 

1  1*5 

slow 

1862 

11  " 

15 

920 

1  1-5 

slow 

1944 

18  ” 

19 

800 

t  3 

Irregular 

(Cont'd) 

*  The  theoretical  radar  croaa  aection  la  iviproaclBately  730  aqiuare  awters. 
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TABLE  II  Uont'd) 


Rev. 

Mimites 

Averagg 

Cross* 

Section 

Fadlac 

Wo. 

Date 

of  Data 

(sd.neters) 

20it2 

26  Jaa  6l 

19 

- 

1 

irregular 

2U4 

31  " 

17 

9m 

+  3 

irregular 

2113 

31  ” 

12 

- 

+  k 

irregular 

3l‘»7 

23  Apr  6l 

ID 

625 

t  3 

Irregular 

3Mk 

l6  Magr  6l 

3 

- 

+  3 

irregular 

39‘H 

29  Am  6l 

19 

620 

+  5 

Irregular 

ii268 

29  All  6l 

11 

^^700 

1  3 
(vlth 

Irregular 

fades  8«10  db  in  depth) 

5  Oct  6l 

17 

• 

+  4 
(vith 

irregular 

fades  >10  db  in  depth) 

5159 

6  " 

16 

^isTOO 

t  ** 
(vith 

irregular,  deep  fades 
fades  >20  in  depth) 

*  Th*  tlMor«tical  raAar  ezoas  Motion  is  ^nproadnstoly  750  sqgaar*  wtors 


Of  Mr*  lBt«r«st  perhaps  than  the  acfsraga  cross  •section  ■asaursaents  are 
the  fading  charaeteristics  vhich  are  indicative  of  the  balloon  deforaation. 
Bariy  revolutions  recorded,  up  to  msiher  92,  displayed  smooth  amplitude  pat¬ 
terns  vlth  sigaal  variations  of  the  order  of  +  1  db.  Rlj^t-circular  polarisa¬ 
tion  vaa  transmitted  and  left-circular  recorded.  A  spot  check  tram  time  to 
time,  during  these  early  passes,  of  the  relative  signal  strength  of  the  tvo 
orthogonal  received  polarisations  indicated  a  ratio  of  about  SO  db.  The  small 
magnitude  of  the  depolarised  component  indicated  that  the  balloon  had  Ihlly 
inflated  and  maintained  its  sphericity  to  a  hlc^  degree  during  this  time  (and, 
incidentally,  also  sei’ved  as  a  check  on  the  circularity  of  the  transmitted  sig¬ 
nal).  Figures  1  through  k  (revolutions  01,  09,  11  and  49 )  are  representative 
ssqplltude  recordings  of  this  early  groqp  of  passes. 

Daring  revolution  01  rapid  scintillations,  at  a  rate  of  3  or  4  per  second, 
can  be  seen  at  0&  91k  lOs  and  may  arias  from  interference  with  the  final 
stage  of  the  launching  rocket  vhich  probably  vas  still  vlthin  the  radar  beam 
at  this  time.  This  effect  can  be  seen  to  a  certain  extent  at  other  times  dur¬ 
ing  the  run.  Occasionally  a  regular  variation  is  seen  every  four  pulses.  This 
variation  is  due  to  the  conical-scan  modulation  of  the  radar  and  is  most  ap- 
paramt  at  time  of  acialsltlan. 

Revolution  09  displayed  the  most  fading  {*  1.9  db)  of  the  early  passes 
and  also  appears  to  contain  reflected  ray  interference,  vith  slpial  ehhsneaawnt 
and  eoncellatlom,  near  the  horlson.  This  is  noticeable  near  the  beginning  and 
ond  of  track.  It  is  also  evident  to  a  degree  during  other  runs. 

Revolution  11  contains  the  smoothest  anplitxide  record  mode.  It  vas 
tracked  for  about  19  minutes  with  fading  of  only  +0.9  db. 

Following  revolution  92,  more  fading  vas  observed  (+1.9  *  1  3  db),  vlth 
the  ratio  of  the  two  orthogonal  received  signals  at  times  approaching  6  db. 
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Fadinc  vas  ganerally  slow,  occurring  at  irregular  Intervals,  until  revolution 
1^6  when  a  periodicity  of  0.5  -  1  second  becasie  apparent.  It  is  interesting 
to  note  that  rerolution  1^  occinrred  soon  after  the  satellite  first  entered 
the  earth's  shadow.  Ihls  rqpld  sclntillatioa  was  last  obsenred  during  revolu- 
tion  167  (Fig.  5)  when  sharp  mills  (1^-5  db)  ware  recordsd.  Qie  short-term 
fading  was  not  seen  during  nine  passes  tracked  betsaen  revolutions  I79  (Fig.  6) 
and  636  (Fig.  7).  Zhstead,  longer  term,  irregnler  variations  of  +  I.5  -  +  3  db 
were  observed. 

During  the  two  revolutions  9bl  and  942,  a  faster  fading  rate,  of  the  order 
of  one  second,  was  again  observed  and  was  most  pronounced  during  the  first  half 
of  the  observation  of  revolution  942  (Fig.  8).  This  short-term  fading  was  not 
observed  during  the  last  half  of  this  track  but  instead  gatve  way  to  a  slow 
rolling  ssqpUtnde  pattern.  This  change  in  fading  characteristic,  over  the  dura¬ 
tion  of  a  single  track,  suggests  a  relatively  smoother  surface  for  a  portion  of 
the  balloon.  A  very  pronounced  ground  effect  can  be  seen  again  at  the  end  of 
this  track. 

Anplltude  data  were  not  acrallaible  between  revolutions  942  and  l4^. 

Four  tracks  conducted  between  revolutions  l448  and  1862  indicate  a  smoother 
target  with  a  longer  fading  interval  and  somewhat  shallower  depth  (+  1.5  db). 

No  short-term  scintillations  were  observed  during  this  time.  Figure  9  (revolu¬ 
tion  1862)  is  ^ical  of  these  runs. 

On  ten  tracks  taken  between  revolutions  1944  and  5159,  a  gradual  deterio¬ 
ration  of  the  balloon  was  indicated  by  occasional  very  deep  fades  and  a  gener¬ 
ally  rou|^  anplltude  pattern.  (Revolutions  1944,  3l47>  394l,  4268  and  5159 
appear  in  Figs.  10  throu^  l4. )  Fades  of  the  order  of  10  db  can  be  seen 
throud^aout  most  of  the  runs,  with  the  most  severe  fading  recorded  daring  revo¬ 
lution  5159>  the  last  covered  in  this  report.  During  this  revolution  two  deep 
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fadts  {>20  db)  vere  observed  having  similar  characteristics  and  occurring 
6  min  to  see  apart.  The  track  vas  not  long  enou^  to  detexvlne  whether  the 
effect  vas  repeated.  Tba  cross  seetloii  at  the  depth  of  the  fades  vas  of  the 
order  of  10  square  ■stars. 

These  obeenratlons  are  siaaarised  in  the  approocteate  grouplais  shown  in 
TU>le  111. 

In  the  Appendix  is  a  sxaaauy  of  a  DBF  coHBunicatlons  experiawnt  conducted 
daring  revolution  12  between  Millstone  and  the  Prince  Albert  Badar  Laboratory. 

Coaputer  print-oats  of  position  and  doppler  observatione  are  not  included 
in  this  report. 

OOBCLOSKMI 

The  series  of  radar  obeerTations  conducted  on  Echo  I  suggest  that  the 
balloon  vas  fully  Inflated  soon  after  launch  and  aalntatned  its  spherical  shape 
to  a  reasonable  degree  until  approximately  the  tine  it  first  entered  tbs  eaurth's 
shadow.  The  rapid  and  regular  fading  observed  soon  afterward  nay  have  resulted 
frcm  Interference  between  reflections  tram  the  individual  gores  making  up  the 
struetare.  This  effect  ali^  have  been  accentuated  by  shrinking  of  the  balloon 
foUovlng  a  loss  in  internal  pressure,  giving  it  a  puapkln-llke  appearance. 

Ihe  irregular  and  more  pronounced  fading  after  this  tine  suggests  a  further 
deterioration  of  the  general  shape  of  the  balloon  with,  however,  either  a  Bodest 
recovery  to  apberlcity  or  a  relatively  saooth  surface  for  only  a  portion  of  the 
balloon,  in  observations  following  this.  The  change  in  fading  pattern,  frcm 
rapid  short-term  fluctuations  to  smoother  long-tens  fading,  during  the  track  of 
revolution  9to  would  suggest  a  slow  rotation  to  a  smoother  portion  of  the  bal¬ 
loon. 


•  7  ■ 
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Rarolutions 
Ob— rr»d 


Fading  ChT«ctTl«tlc« 


01,  09,  11,  ^9,  Sb»oth,  slonr  fading;  +  O.9  to 
81,  92  1.0  db  fluetnatlai;*r«Tolu- 

7lon  09  poorost:  +1.9  db. 


IbO, 

19‘^,  199 

196, 

166,  167 

179, 

213,  229,  226 

237, 

636 

2U9,  ^31,  499 

9‘H, 

9^12 

im, 

,  1788, 

1861 

1862 

19«A, 

.  20ll2, 

211b 

2119, 

31^>7, 

3b0b 

39'H, 

,  base. 

91ba 

9199 

+  2  db  irrognlar  fading;  gMMr* 
aiUy  loogar  taxm. 


Rapid,  regular  fading;  0.5  to  1 
aae.  period;  dlpa  to  9  db. 


+  1.9  to  +  3  db  irregular  fading; 
gBaerall9’~8loiv  9-30  aec. 


Short  (1-aec)  and  longer  tern  ir¬ 
regular  fadl^  +  1  to  +  2  db. 

Sbnoth,  alov  fading  *  I.9  db. 


+  3  to  +  9  db  Irregular  fading 
■marajCiy,  oeeaalonal  deep  fadea: 
8->20  db. 


ConaentB 


Ratio  of  2  receirad  or¬ 
thogonal  polarizatlona 
approx.  20  db. 

Ratio  of  received  aig- 
nala  approach  6  db  at 

tinee. 


Deep  fadna  indicate  ae- 
vara  diatortlon  of  bal¬ 
loon  ahape. 
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SlJM*  tb«  gMMtzy  explored  during  the  course  of  any  nm  la  llinited  and, 

In  the  face  of  an  unknown  rotation  rate  and  orientation.  It  la  difficult  to  aay 
whether  the  changes  noted  In  the  fadixig  pattern  frcm  run  to  run  are  character¬ 
istic  of  the  condition  of  the  balloon  or  of  the  geometry. 

Beginning  vlth  the  observation  of  revolution  19^,  a  steady  degradation 
of  the  balloon  la  nrldent  vlth,  perhaps,  mltiple  punctures  taking  their  toll. 
Tbs  last  revolution  Included  In  this  report  (nuniber  3159>  6  October  1961)  points 
to  a  grossly  distorted  structure. 
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Rerolutloii  01 

12  Avcnst  i960 
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FI3.  1  PLATE 


FIG,  1  PLATS  6 


ECHO  I  AMPLITODB 
Revolution  09 

12  August  i960 
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510.  2  PUTE  1 
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FTG.  2  PLA'T;  6 


2k 


25 


FIG 


ECHO  I  AMPUTUDB 
Rerolutlon  11 


13  Aufluat  i960 
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FIG.  3  PUTE  ? 
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PLATC 
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FIO.  3  plats  6 
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ECHO  I  AMPLmiDB 
Revolution 

13  August  i960 
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FIG.  b  PUTB  3 
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PLATS  a 


ECHO  I  AMPLITODE 


Revolution  i6t 


25  August  i960 


FIG.  S  PTJiTE  1 


Old 


32 


PLAT! 


ECM)  I  ANPLnUDE 
Rerolutlon  179 


26  Axiguflt  i960 
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PTG.  6  FIATR  2 
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ECK)  I  AMPLITUDE 
Rerolutlon  636 

3  October  i960 
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FIG, 
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FIG.  7  PLATE  h 
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ECHO  I  AMPLITUDE 
Rerolution  942 

28  Octolwr  i960 
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FIG.  0  PUTE  2 
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FIO*  8  PLATE  U 


FIG.  8  PLATt; 


ECBD  I  AMPLTTODB 
Revolutioo  1862 

11  Januazy  1961 
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FIG 


SCBO  I  AMPLTrons 
Rafrolntloa  1944 

l8  Jaimaxy  1961 
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ECK)  I  AMPLmjDE 
Revolution  3147 

25  April  1961 
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BCBO  I  ANPUTUDB 
Revolution  39^1 

29  June  1961 
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BCHO  I  AMPLTEimE 
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APPENDIX 


Millstone "PARL  UHF  Cocmiunlcations  E^erlment^ 

During  revolution  12  (13  August  i960)  of  the  Echo  I  satellite,  a  coBmini- 
cations  e3q)eriment  was  carried  out  at  hho  Mcs  between  the  Millstone  Hill  Radar 
and  the  Prince  Albert  Radar  Laboratory  (PARL),  Saskatchewan,  Canada - 

A  prc-taped  voice  message  was  transmitted  frcmi  Millstone  via  the  satellite 
to  PARL  for  a  duration  of  some  ten  minutes  using  narrow-band  FM.  During  the 
first  portion  of  the  pass,  the  Millstone  dish  was  manually  trained  using  pre¬ 
dicted  position  data  from  Space  Track  as  corrected  by  Millstone  tracking  daca 
gathered  on  revolution  11.  The  last  portion  of  the  track  was  effected  with  an 
optical  antenna  director  controlling  the  dish.  PARL  first  acquired  the  target 
with  its  radar  at  448  Mcs,  and  then  automatically  tracked  on  the  Millstone 
coinnunication  signal. 

During  revolution  11,  and  earlier  tracks,  it  was  eiscerteiined  that  the  bal¬ 
loon  had  maintained  its  spherical  shai>e  to  a  very  hi^  degree  and  would  be  a 
good  passive  reflector  for  the  e:q)eriment. 

The  quality  of  the  received  signal  at  PARL  was  good  and  possessed  the  ex¬ 
pected  signal-to-noise  ratio  (approximately  16  db  under  ideal  conditions).  The 
chronological  sequence  of  events  and  signal  strengths  logged  for  this  experiment 
are  as  shown  on  the  following  page. 


* 


Data  provided  by  D.  R.  Hansen,  PARL. 


signal  Strength 


Time 

Universal 
13  Aug  60 


Event  (PARL) 


Received 
at  PARL 


09:04:29 

09:11:59 

09:12:29 

09:13:19 


09:18:26 

09:19:45 

09:20:05 


09:22:36 

09:24:20 

09:26:24 

09:28:10 


Target  first  detected  radar. 

Millstone  tone  detected.  Radar 
tracking  continues  (target  range 
from  PARL  «  1100  n.m. ). 

Track  on  Millstone  signal. 

Varies  -127  to 
-124  din. 

Voice  transmission  begins  and 
is  recorded.  Apparent  signal 
Increase  of  4  db  when  voice 
transmission  begins. 

Varies  -130  to 
-120  dbm. 

Conical  scan  stopped.  An  attempt 
to  track  signal  iy  is  un¬ 

successful. 

Conical  scan  tracking  resumed. 

(Millstone  begins  tracking  with 
(^tlcal  director.) 

Varies  -124  dbm 
to  In  excess  of 
-118  dbm. 


Varies  -127  to 
-124  dbm. 


Lose  signal. 


Calculated 

Ideal 


-123  dbm. 


-118.5  to 

-121  dbm. 


-118.5  dbm.. 


-119.5  to 

-122  dbm. 


PARAMEIERS  -  PARL 


Coordlxiates 

Ground  range  fron  Millstone  Radar 

Antenna*  gain 

Antenna  beasnridth 

Type  tracker 

Receiver  noise  figure 

Receiver  baxidvldth 

Receiver  polarization 


53°  13'  R,  106°  W 
1512  nautical  alles 
35  db  (vhlle  tracking) 

2.1  degrees 

conical  scan  (7*5  eps  rate) 
5  db  (approximately) 

3  kcs 

left  circular 


PARAMBEERS  -  ifTT-T/wuni! 


Coordinates 
Ik'ansinltted  power 
Transmitted  signal 
Transmitted  polarization 
Antenna  gain 
Antenna  beamwldth 
Frequency 


42°  37'  H,  71®  29'  W 
35  kw 

CV  FM  1  kc  deviation 
rlc^t  circular  (out  dish) 
37  db 

2.1  degrees 
440  Mcs 


Mlllstone-type  antenna 


